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Measurements of the surface tension of aqueous solution of sodium hexa- 
decyl sulphonate (SDHS), the interfacial tension of SDHS solution- 
dodecane and the contact angle for water, glycerol and diiodomethane on 
polyvinyl chloride surface covered with SDHS film were made at 293 K. 
On the basis of these measurements the adsorption isotherms, the solubil- 
ity, the standard free energies of adsorption and dissolution were deter- 
mined. Also, the standard free energies of adsorption and dissolution were 
determined from the free energy of the tail and head of SDHS and interfa- 
cial free energy of the tail-water and head-water systems. From the data of 
the tail-water and head-water interfacial free energy and electrostatic free 
energy of interactions the critical micelle concentration for the sodium n- 
alkanesulphonate was determined and compared with the literature data of 
CMC. It was found that the standard free energy of adsorption does not 
depend on the type of the phase in contact with the solution of the surfac- 
tant and it can be predicted from the surface free energy of the tail and 
head of the surfactant and interfacial free energy of the water-tail and wa- 
ter-head systems. It was also found that the adsorption data of n-paraffins 
on graphitized carbons used for calculations of the contactable area of so- 
dium n-alkanesulphonates tail confirmed the usefulness of the phase sepa- 
ration model for determination of standard free energy of micellization for 
AB type of ionic surfactants. 


1. INTRODUCTION 


Ionic and nonionic surfactants have a wide applicability from biological and 
technological points of view. The fundamental properties of the surfactants are 
their tendency to adsorb at interfaces and ability to form micelles in solution. 
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The processes of adsorption and micellization have been studied intensively 
[1-3] to determine, among other things, the surfactant concentration at the inter- 
face, the orientation of the surfactant at interface, the critical micelle concen- 
tration (CMC), and the energy changes (thermodynamic parameters) in the 
system resulting from adsorption and micellization. 

One of the most useful tools for the study of surface and bulk phenomena in 
liquid systems involving surfactants is evaluation of the interfacial tension 
[1,2,4,5]. On the basis of the interfacial tension data measured in the range of 
surfactant concentrations exceeding CMC it is possible to calculate the stan- 
dard free energy of adsorption and micelization of the surfactants. This is a 
good measure of their tendency to adsorb at interfaces and ability to form mi- 
celles. 

Recent studies [6-12] have proven that there is a relationship between the 
free energy of adsorption at water/air and water/hydrocarbon interfaces as well 
as free energy of micellization of surfactants in aqueous media and the free 
energy of interactions between the tails and heads of surfactants in water, cal- 
culated on the basis of the surface free energy components and parameters of 
surfactants resulting from Lifshitz-van der Waals and Lewis acid-base inter- 
molecular interactions. However, there is a problem to calculate the total free 
energy of interactions between the tails and heads of surfactants through the 
water phase because of difficulties in determination of credible values of the 
Lifshitz-van der Waals component and electron-acceptor and electron-donor 
parameters of the acid-base components of the head surface free energy of the 
surfactants as well as the so-called contactable area of the molecule of the sur- 
factants. 

In this paper we try to show a different possibility to calculate the contac- 
table area of sodium hexadecylsulphonate (SDHS) and determine the compo- 
nents and parameters of the surface free energy of its head. Another aim of our 
paper is to establish the correlation between the free energy of the adsorption as 
well as micellization and free energy of interaction between the tails and heads 
of anionic surfactant through water. 


2. THEORY 


Adsorption. One of the characteristic features of surfactants is their tendency 
to adsorp at interfaces in an oriented fashion. This adsorption has been studied 
to determine the concentration of surfactant at interface, the orientation of sur- 
factant at interface and the energy changes in the system, resulting from the 
adsorption. 

Direct determination of the amount of surfactant adsorbed per unit area of 
liquid-gas or liquid-liquid interface, although possible, is not generally under- 
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taken because of the difficulty of isolating the interfacial region from the bulk 
phase for purposes of analysis when the interfacial region is small, and of 
measuring the interfacial area when it is large, instead, the amount of material 
adsorbed per unit area of interface is calculated indirectly from surface or inter- 
facial tension measurements. As a result, a plot of surface (or interfacial) ten- 
sion as a function of (equilibrium) concentration of surfactant in one of the 
liquid phase, rather than an adsorption isotherm, is generally used to describe 
adsorption at interface. From such a plot the amount of surfactant adsorbed per 
unit area of interface can readily be calculated by using the Gibbs adsorption 
equation. 

During the last 25 years, application of the Gibbs equation of adsorption to 
aqueous solutions of ionic surfactants has been discussed by many researchers 
{1-3,13], but for such surfactants the form of the Gibbs equation is less certain 
than for nonionic surfactants. If we consider a surfactant of AB type as a strong 
electrolyte, it dissociates in water solution into A* and B“ ions, and the appropi- 
ate from of the Gibbs equation is 


dy =-RT(T,.dIna,. +T,dIna, ) (1) 

Since Ez = | asi = T to maintain electroneutrality and a en 4,= C x fag with- 
out a significant error, then 

dy =—4.606RTTd log(C - f,,) (2) 

where fap is the mean activity coefficient of the surfactant, log fan can be as- 

sumed to equal (log fa + log fg)/2 and calculated on the basis of the Debye- 


Hückel equation [13]. 
For the dilute solutions (10° or less), Eq. (2) assumes the form 


1 ay Cdy 


ee ee 3) 
2RT dinC  2RTdC 
or 
en ta (4) 
4.606RT dlogC 


Determining the T from Eq. (4) for saturated surface concentration, Im, we can 
calculate the minimal area per surfactant molecule (A,,) at interface from the 
following equation 


16 
ee 10 
NI, 


(5) 


where N is Avogadro’s number. 
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On the basis of Am value, equilibrium concentration of surfactant in the bulk 
phase corresponding to the saturation of the interface and the value of interfa- 
cial tension, it is possible to calculate the standard free energy of adsorption of 
surfactant, AG’, at interface. 

According to Rosen and Aronson [14] the standard free energy of adsorption 
at interface for an ionic surfactant of the AB type from aqueous solution at a 
concentration less than 10° can be calculated from the relation 


Ca Ge 
AG*'= 2.30881 log + oe 6.0237A,, (6) 
a) w 


where @is the number of water moles in 1 /. 
Because in the absence of the neutral salt C r =C; =C, the Eq. (6) as- 


sumes the form 
AG” = 4.606RT logC — 6.0237A,, (7) 


If we assume that after adsorption at the solution-air interface the hydropho- 
bic tail of the surfactant is present in the air phase and the hydrophilic head is 
in the water phase, then the transfer of surfactant molecules from the bulk 
aqueous phase to the interface is associated with changes in the interfacial free 
energy of the water-tail (Yr) to the surface free energy of the tail (yr), and the 
interfacial free energy water-head (Ywa) from Ywu to Ywm because of dehydra- 
tion of the head during the adsorption process. 

Thus, the standard free energy of adsorption should fulfill the condition [6] 


AG? = (Yr - Ywr) Ar + (Ywmn - Ywa) An (8) 


where Ay is the contactable area of the surfactant tail, and Aj, is the contactable 
area of the surfactant head. 
The analogous expression for solution-oil interface is 


AG? = (Yro - Ywr) Ar + (Ywen - Ywa) An (9) 
where Yro is the interfacial free energy of tail-oil. Of course, if we assumed that 
after adsorption at the aqueous solution-oil interface the tail of the surfactant is 
present in the oil phase and the head in the water phase. 

Assuming that there is not a considerable difference between Ywa and ywy val- 
ues, the Eqs (8) and (9) give 


AG? = (Yr - Ywr) Ar (10) 
and 
AG? = (Yro - Ywr) Ar (11) 


respectively. 
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The values of tail-oil interfacial tension can be determined from the rela- 


tion [6,10] 
Yro = Vr +o -NWY + yi" (12) 


where the subscript LW refers to the Lifshitz-van der Waals component of the 
surface free energy of the liquid (in this case Y, = at andYo =Y ae [10,11]) 


Micellization. Almost from the very beginning of the study of the properties of 
surfactant solutions it was recognized that their bulk properties were unusual 
and indicated the presence of colloidal particles - so-called micelles in the so- 
lution. Micelle formation, or micellization is an important phenomenon not 
only because a number of important interfacial phenomena, such as detergency 
and solubilization, depend on the existence of micelles in solution, but because 
it affects other interfacial phenomena, such as surface or interfacial tension 
reduction, that do not directly involve micelles. 

If the surfactants are dissolved in water then their hydrophobic groups dis- 
tort the structure of water and thus increase the free energy of the system [2]. 
The distortion of the solvent structure can be decreased, among other things, by 
aggregation of the surface-active compound into clusters (micelles) with their 
hydrophobic groups directed toward the interior of the cluster and their hydro- 
philic groups directed toward the solvent. Decrease of the distortion of the sol- 
vent structure is joined with decrease of the free energy of the system, which 
corresponds to free energy of micellization [1,10,15]. 

For a surfactant of AB type which in water solution dissociates into A* and 
B ions the phase separation model (PS) is used by some authors [16-19] for 
determination of the free energy of micellization. This model treats the micelle 
together with its counterions as a phase separate from that of the monomers. 
According to the phase separation model the standard free energy of micelliza- 
tion is given by 

AG” cme = 2RT In CMC (13) 


where R is the gas constant. 

The free energy of micellization is joined with the free energy of interaction 
between surfactant molecules through the water phase resulting from Lifshitz- 
van der Waals, acid-base and electrostatic forces. 

According to the extended DLVO theory [13,20] the total free energy of inter- 


action through water between two indentical particles or moieties, AG; , is 


AG" = AG" + AGW + AGW, (14) 


where the superscipts LW, AB, and EL refer to the contribution in the free en- 
ergy coming from interactions which result from Lifshitz-van der Waals, acid- 
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base, and electrostatic forces, and the subscripts 1 and W refer to particles or 
moities and water, respectively. In the case of a surfactant in water Eq. (14) can 
be rewritten in the form 


AG, = AGA (T) + AGA? (T) + AGA (H) + AGA" (H) + AGS (M 15) 


where T and H are for the tail and head of surfactants, correspondingly. 
The free energy of interfacial interaction between the surfactant tails or heads 
through water should be expressed by the equations 


AGA (T) + AGW? (T) =-27w (T) (16) 
AG iw: (H) + AGr (H) = -27w (H) (17) 


where jw (T) and iw (A) are the interfacial free energy of the water-surfactant 
tail and water-surfactant head systems, respectively. 

The water-aliphatic hydrocarbons interfacial tension is independent of the 
number of carbon atoms in the molecule and nearly constant, equal to ca. 
51.1 mN/m [21,22]. This value should correspond to the value of jw (T) for 
alkyl tail of the surfactant-water system. 

The iw (H) value can be calculated, among other things, on the basis of the 
van Oss et al. [10,11,20] approach to the interfacial tension. Thus, expressing 
Yiw (H) by Yuw the van Oss et al. [10,11,20] equation assumes the form 


Yaw =Vn + Yu ~<A x, p (18) 


where ¥", ¥ and y are the Lifshitz-van der Waals components, and electron- 
acceptor and electron-donor parameters of the surface free energy of the head 
of surfactant and water, respectively. 

Knowing the size of the contactable area of tails, Ay, and heads, Ay, of the 
surfactant it is possible to calculate the free energy of interaction between two 
molecules (ions) of surfactant in water, AG. Then, from Eqs (15), (16) and (17) 
it results that 


AG = -2yiw (T) x Ar - 27w (H)n x An + AGE, (H) x An (19) 


3. EXPERIMENTAL 


Interfacial tension measurements. Sodium hexadecyl sulphonate (SDHS) 
(Sigma Chemical CO.) aqueous solutions were prepared with doubly distilled 
and deionized water from a Milli-Q system, whose surface tension was always 
checked before preparing the solutions. SDHS used for solution preparation 
was purified by using the method described in the literature [23]. 
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Surface and interfacial tension measurements were made at 293 K under at- 
mospheric pressure by the weight-volume method [13,24]. Measurements of the 
surface tension of aqueous solutions of SDHS and the interfacial tension of 
solution-dodecane system were repeated many times, and the standard devia- 
tion depending on the region of surfactant concentration did not exceed +0.2 
mN/m. 

For measurements of the surface and interfacial tension, capillaries of dif- 
ferent diameters were used, depending on the concentration of the surfactant 
and the system studied, to enable the drop to detach exactly from the total sur- 
face of the capillary top. 


Contact angle measurements. The advancing contact angle for water (doubly 
distilled and deionized from Milli-Q system), anhydrous glycerol (Fluka, pure > 
99.5%) and diiodomethane (Fluka, pure > 98%) were measured on polyvinyl 
chloride surface covered with SDHS monolayer formed from aqueous solution. 
The type of polyvinyl chloride and the way of its surface preparation were de- 
scribed earlier [25]. The solution used for formation of SDHS layer was pre- 
pared by mixing 10° mole of SDHS with 1 dm’ of water and heating up to dis- 
solving the whole SDHS in water and then cooling to 293 K. The SDHS layer 
was formed by immersing the PVC plate to saturated solution of SDHS for 24 
h. After taking out the plate it was dried by a stream of dry air and then kept in 
a dessicator. 

For conact angle measurements the Krûss G 10 apparatus was used. 

The standard deviation of contact angle depending on the kind of liquid did 
not exceed +0.9°. 


4. RESULTS AND DISCUSSION 


Adsorption isotherms. The results obtained for the surface tension (7) of 
SDHS aqueous solutions and the interfacial (7) of solution-dodecane system as 
a function of the concentration (C) of SDHS are presented in Figure 1. The 
shape of the y-versus-log C curves is the same for solution-air (curve 1) and 
solution-dodecane (curve 2) systems, but the values of yat a given concentra- 
tion depend on the kind of the phase being in contact with aqueous surfactant 
solution. A small decrease of the yas a function of log C is observed in the 
range of SDHS concentration from 10° to 10° M. It is clear that a linear de- 
pendence exists between yand log C near the concentration, which corresponds 
to the saturated aqueous solution of SDHS. It should be mentioned that the 
Kraftt point for SDHS [23] is higher than the temperature of the measurements 
and therefore, the break points in the surface and interfacial tension versus-log 


140 B. Jańczuk, A. Zdziennicka and W. Wójcik 


C curves cannot be treated as CMC. However, the break points are close to the 
CMC of SDHS at 323 K [2]. 


75 


-8 -7 6 -5 4 3 
log (C/mol 1") 


Figure 1. Relationship between surface (interfacial) tension (Y,) and log C for SDHS at 
293 K. Curve 1 - solution-air system and curve 2 - solution-dodecane system 


Table 1. Values of C correspond to the break points on the y versus log C curves, maxi- 
mal excess of SDHS concentration at interface (Tp) and minimal area occupied by 
SDHS molecule at interface (A,,) determined on the basis of Figure 1 and Gibbs equa- 
tion of adsorption, as well as the values of the standard free energy of adsorption 
(AG* ads), the standard free energy of dissolution (AG°,;,) and free energy of interaction 
between SDHS ions (AG?) calculated from Eqs (7), (10), (11), (13) and (15), respec- 


tively 
System E Fs Ax AG? ads AG? AG” dis AG? 
[mol dm°] | [mol m?] | [nm?] | [kJ mol] | [kJ mol] | [kJ mol] | [kJ mor] 
g. (7) 


-35.02° 
72x10 3.1x 10° | 0.536 -64.77 1o88 AREA holta | 
-35.02° 


S - aqueous solution of surfactant; A - air; D - dodecane; a - calculated from Eq. (10); 
b - calculated from Eq. (11); c - calculated from Eq. (24); d - calculated from Eq. (19) 
on asssumption that Az is equal the geometric contactable area and e - calculated from 
Eg. (19) on assumption that the contactable area is equal to Ar value resulting from 
adsorption data [28] 
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On the basis of the adsorption isotherms the amount of surfactant per unit 
area (I) at solution-air and solution-dodecane interfaces was calculated by us- 
ing the Gibbs equation of adsorption (Eq. (4)), and then for = Tp, the minimal 
area per SDHS molecule at the interfaces was determined from equation [5]. 
The values of I, and An are listed in Table 1. 

From this table it is seen that at solution-air interface the maximal surface 
excess is higher and the minimal area per molecule is lower than at solution- 
dodecane interface. The values of I, and Am for SDHS shown in the table are 
close to those for other surfactants having sulphonate heads [2,26]. 


Standard free energy of adsorption and surface free energy of surfactant. 
Substituting into Eq. (7) the values of C corresponding to the concentration 
region in the bulk phase that produces saturated adsorption at interface (mini- 
mal area per molecule), the A,, values and the values of 7 = y, - y(where y, is 
the surface tension of water or interfacial water-dodecane tension at 293 K and 
y is the surface tension of aqueous solution of SDHS or interfacial solution- 
dodecane tension corresponding to the concentration range producing saturated 
adsorption at interface), the AG’ values were calculated and listed in Table 1. 
The value of AG’ for solution-air system is a little lower than for solution- 
dodecane system. 

Thus, the change of the air for dodecane as a apolar phase does not influ- 
ence the free energy of adsorption. It is in good agreement with the conclusions 
drawn for other anionic surfactants [2,6]. 

As mentioned above, the standard free energy of the adsorption in the stud- 
ied systems can be calculated on the basis of Eq. (10) or (11) if it is possible to 
determine the contactable area of the surfactant tail, Ar. 

In the case of the hydrocarbon tail of surfactant there are five contactable 
areas, for example with water phase, one with the surfactant head, and four of 
them correspond to the proper contactable areas of the alkyl groups. Thus, the 
total contactable area of the surfactant tail is found by the expression [6] 


Ar=4 (l + d/2)(w + d) + (w + d}? (20) 


where / is the length of alkyl chain, w is the width of the alkyl chain and d is the 
constant value for a given temperature corresponding to the intermolecular 
distance. 

Taking into account the fact that for hydrocarbon at 293 K the d values can 
be assumed to equal 0.2 nm, which results from the least-squares analysis of the 
hydrocarbon molecule volume, w = 0.26 nm [10,11] and the length of alkyl 
chain / = 0.0932 + (n -1) + 0.127/2 (where n is the number of carbon atoms in 
the alkyl groups, 0.127 nm is the C-C distance in the chain [27], and 0.0932 nm 
is the C-H distance in the terminal CH3- group), the contactable area for hexa- 
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decyl group is calculated from Eq. (20). Thus calculated Ay value for the hexa- 
decyl group is equal 4.189 nm’. 

Introducing into Eq. [10] this value of Ay, the value of yr equal to the sur- 
face tension of hexadecane (26.35 mN/m) [22] and the value of Ywr equal to 
hexadecane-water interfacial tension (51.22 mN/m) [22], the value of the free 
energy of adsorption of one molecule of SDHS was calculated. Next, taking 
into account Avogadros’s number, the free energy of adsorption per mol of 
SDHS was determined and shown in Table 1. From this table it appears that the 
free energy of adsorption determined on the basis of Eq. (10) is somewhat 
higher than the standard free energy of adsorption calculated from Eq. (7). It 
suggests that on the basis of the contactable area of the surfactant tail and its 
surface free energy, as well as water-tail interfacial free energy it is possible to 
predict the standard free energy of adsorption at water-air interface, and that at 
this interface perpendicular orientation of hexadecyl group in the saturated 
monolayer can be expected. However, the contactable area of hexadecyl group 
in the monolayer can be different from that in the bulk phase. The influence of 
the dehydration of SO; group on the standard free energy of adsorption should 
also be taken into acoount. 

Perhaps the small difference between the values of the standard free energy 
of adsorption calculated from Eq. (7) and (10) results from these reasons. 

It was stated that in the case of solution-alkane systems parallel orientation 
of the alkyl groups is more probable than perpendicular one at solution-alkane 
interface [6]. 

Thus the total contactable area of the hydrophobic chain at the solution- 
dodecane interface can be expressed by the equation [6] 


Ar=3 (l+ d/2)(w + d) + (w +d}? (21) 


It can be shown on the basis of Eqs (21), (11) and (7) that the standard free 
energy of SHDS adsorption at solution-dodecane interface corresponds to the 
free energy of decyl group adsorption at this interface (Table 1). 

The value of Yor needed for determination of the free energy of decyl group 
adsorption was evaluated from [12], taking into account the literature data of 
surface tension of alkanes [22]. 

It should be emphasized that the so-called „excluded area” (the area of the 
interface unavailable to one molecule due to the presence of another) of the 
‘decyl group is equal 0.546 nm’ and it is close to the minimal area occupied by 
SDS molecule at solution-dodecane interface (0.536 nm’) (Table 1). This fact 
confirms the reliability of the conclusion that the standard free energy of SHDS 
adsorption corresponds to the free energy of adsorption of the decyl group at 
solution-dodecane interface. 
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Surface free energy of surfactant and standard free energy of dissolution 
and micellization. To predict the free energy of micellization of an ionic sur- 
factant on the basis of the Eq. (19), the tail of the surfactant-water and head of 
the surfactant-water interfacial tensions as well as the contactable area of the 
tail and head of the surfactant, and electrostatic interactions between the heads 
of surfactants must be known. 

As mentioned above the n-alkane-water interfacial tension does not depend 
on the hydrocarbon chain length and is close to 51.1 mN/m [21,22]. Thus, the 
free energy of interfacial interaction between the tails of SDHS through the 
water phase is equal to -102.2 mJ/m’. The free energy of interactions between 
the heads of SDHS through water phase includes two components. The first 
component is joined with the head of surfactant-water interfacial tension, and 
second with electrostatic interactions. 

Unfortunately, we have no direct methods to measure the head of surfactant- 
water interfacial tension. The head of surfactant-water interfacial tension is 
commonly calculated from Eq. (19) [9-12]. For this purpose the Lifshitz-van 
der Waals component and electron-acceptor and electron-donor parameters of 
the surface free energy of the head of surfactant must be known. It is possible to 
determine these magnitudes from contact angle measurements for the liquids on 
some solids covered with the surfactant layer [9-12]. However, it is assumed 
that for a thick surfactant layer formed on hydrophobic solid from aqueous 
solution of the surfactant at a high concentration the heads of the surfactant are 
oriented towards the air phase. 

On the surfactant layer prepared in such a way it is very difficult to measure 
the reliable values of contact angles, particularly for water, because of high 
surfactant solubility in water and therefore, the components and parameters 
determined from contact angles measured on a thick surfactant layer are not 
quite certain. There is another problem dealing with a thick surfactant layer on 
hydrophobic solid surface from the point of view of contact angle. The surface 
of such a layer is not smooth enough for contact angle measurements. There- 
fore, we have tried to prepare SDHS monolayer on polyvinyl chloride surface. 
Some of the studies dealing with adsorption of ionic surfactant on monopolar 
polymeric solids indicate that by the adsorption of the surfactant from aqueous 
solution at a concentration close to that of CMC the monolayer is formed [2]. It 
is most probable that also from saturated solution of the SDHS the monolayer 
film is formed in which the SDHS molecules are oriented parallel to the poly- 
mer surface rather than perpendicular. Therefore, at the first approximation we 
assumed that in the case of the SDHS adsorption from the solution at a concen- 
tration close to that of CMC the monolayer is formed on PVC surface in which 
the SDHS molecules are oriented parallel to this surface and that the measured 
contact angle fulfils the expression 
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OL = OT) xr + OCA) xu (22) 


where the x; and xy are the ratio of the area occupied by the tails and heads of 
SDHS to the contact plane between the liquid drop and SDHS monolayer, re- 
spectively. 

From the study of strong adsorption of long-chain n-paraffins on graphitized 
carbons, Groszek [28] proposed that the area occupied per -CH>- group should 
be the area of one hexagon, equal to 0.0524 nm’. At the first approximation it 
can be assumed that the area of -CH3- group is equal to two hexagons. Taking 
this fact into account and that the area occupied by -(CH2)2SO; group is equal 
to 0.36 nm? [8], the xr and x, values were calculated amounting 0.686 and 
0.314, respectively. Next, introducing these values and the measured values of 
contact angle for diiodomethane (50°), water (73.1°) and glycerol (76°) on PVC 
covered with SDHS monolayer, and contact angle ones for these liquids on 
paraffin taken from literature [29] as 6,(7) values into Eq. (22), the @,(H) val- 
ues for diiodomethane, water and glycerol were calculated. 

Knowing the values of 6,(H) for water, glycerol and diiodomethane and the 
Lifshitz-van der Waals component and electron-acceptor and electron-donor 
parameters of the surface tension of these liquids, the “i Yu and Yr were 
calculated from the following equation [10,11] 


(0,(H) +1)=2fy" y +r- r +A (23) 


The calculated values are: y” = 33. 7, yy = 0 and yy = 60.94 mJ/m*. These 
values somewhat differ from those obtained for sodium dodecyl sulphonate 
obtained from contact angle measurements for the same liquids on a thick layer 
of the surfactant [6]. 

Introducing into Eq. (18) the components and parameters of the surface free 
energy of the head of SDHS and water [22], the head of SDHS-water interfacial 
free energy was calculated and then the first part of free energy of interactions 
between the heads of SDHS through the water phase was determined from Eq. 
(17), which is equal 53.1 mJ/m’. 

It is commonly known that in studies dealing with the micellization process 
the head of ionic surfactants is treated as a complex including one or two meth- 
ylene groups [2]. 

Thus, the contactable area of tail and head of SDHS corresponds to tetrade- 
cyl and -(CH2)2SO; groups, respectively. 

The contactable area of -(CH2).SO3; should not depend on the hydrocarbon 
chain length [2] and is equal 0.36 nm’ [8]. 

The contactable area of tetradecyl group in the process of micellization ac- 
cording to the literature data [8,10,11] should be fulfilled by the expression: 
Ar = (0.0932 + 13 x 1.27 + 1.27/2) x 2.6 = 0.47 nm’. In this case it is assumed 
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that the contactable area of the tails for two ions of surfactant in the water cor- 
responds to the geometric area and the intermolecular distance between water 
and tails is constant in the contacting process. 

Taking into account the A; = 0.47 nm’, Ay = 0.36 nm? and AG™ = 
8.51 mJ/m’ [8] it is possible to determine the free energy of interactions be- 
tween SDHS ions through water on the basis of Eq. (19). Thus calculated value 
of the free energy of interaction is equal -15.57 kJ/mol (Table 1). Of course, as 
mentioned above the surface and interfacial tension measurements were made 
below the Krafft point and therefore, the free energy of interaction cannot be 
compared directly to the standard free energy of SDHS micellization. 

Below the Krafft point, a singly dispersed sodium hexadecyl sulphonate can 
be assumed to be in perfect dissociation and the standard free energy change in 
the process of its dissolution, AG” 4;s, can be calculated by using equation [23] 


AG? ais = -2RT In S (24) 


where S is the solubility of surfactant. 

Assuming that the break points on the y versus log C curves correspond to 
the solubility of SDHS, the AG’,;, values were calculated form Eq. (24) and 
they are listed in Table 1. From Table 1 it is seen that the absolute value of the 
free energy of interaction is about two times lower than that of the standard free 
energy of SDHS dissolution. 


Table 2. The values of CMC taken from literature and calculated from Eq. (13) 


C,HwiSO3Na | CMC CMC 
g. (13) 


If we assume that the contactable area of SDHS tails can be calculated on 
the basis of the adsorption data of Groszek [28], then Ar = 0.0524 x 15 = 
0.786 nm’. Using this value of Ar for calculations of free energy of interactions 
between SDHS tails through the water phase we obtain that it is equal 
-35.02 kJ/mol (Table 1). The absolute value calculated in this way is close to 
that of the standard free energy calculated from Eq. (24) on the basis of the S$ 
data determined from isotherms of SDHS adsorption at solution-air and solu- 
tion-dodecane interfaces (Table 1). Thus, it is possible that on the basis of the 
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surface free energy of surfactant the standard free energy of dissolution of the 
surfactant can be determined, however, more studies dealing with this problem 
should been carried out. 

Because on the basis of the available data in literature it is possible to cal- 
culate the free energy of interaction between ions of surfactants only at 293 K 
and the Krafft point for SDHS is higher than this temeperature, therefore, to 
check the usefulness of our model for prediction of the standard free energy of 
micellization, the CMC values for some n-alkanesulphonates were determined 
from Eq. (13). For calculation the Ay values resulting from the adsorption data 
of Groszek and the value of head-head interaction through the water phase 
equal 13.36 kJ m” were used. It was assumed that the free energy of interaction 
between the head of SO; does not depend on the length of the alkyl chain [2]. 
The values of CMC calculated in this way are listed in Table 2 together with 
the literature data [30,31]. There is excellent agreement between the calculated 
values of CMC and the obtained from measurements of the propreties of sur- 
factant solutions. It suggests that by using the Groszek adsorption data [28] for 
determination of the contactable area of alkyl sulphonate surfactant tail and 
then the free energy of interaction between the tails through water, the phase 
separation model for standard free energy of micellizations of surfactants of AB 
type of electrolitye is confirmed [16-19]. 
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